We present a design concept for a 16 metre, wide-field, fixed-axis, all-reflective, segmented f/4 Schmidt telescope to take advantage of the unique possibilities of Antarctica for both optical and near infrared astronomy. The design allows observation of all RA/dec's accessible from Antarctica, with tracking times of several hours. Prime and Cassegrain foci are provided, giving plate scales 300-3000µm/", over fields of view 1.5'-0.5º. Diffraction limited, natural guide-star AOcorrected K dark images are possible over arc-minute sized fields, over 70% of the sky. The sensitivity, resolution, field of view and cost all compare favourably with current or proposed space or ground-based telescopes.
INTRODUCTION
The Antarctican Plateau offers compelling advantages for optical and near infrared astronomy:
• The NIR background is 1-1.5 orders of magnitude lower than mid-latitude sites 1 , and at K dark is within a factor of two of the space background 1,2 .
• The natural seeing is the best on Earth, with seeing measured at 0.2" even in the daytime 3 .
• Adaptive Optics seeing correction is easier than anywhere else on Earth, because (a) the absence of high-level turbulence means that simple ground-layer adaptive optics are sufficient, (b) the long coherence time and large isoplanatic angle means longer integrations of brighter guide stars, and slower required AO correction times 1 , and (c) the very low K dark background means it is sensible to guide at that wavelength, with order-of-magnitude sensitivity gain over optical guiding or K-band guiding at a mid-latitude site.
• This means that natural guide star AO-correction is possible (a) over much or most of the sky, (b) over large fieldsof-view, and (c) into the optical waveband.
• The low temperatures remove most of the difficulties of infrared telescope and camera optimisation, allowing simpler and more general purpose designs 5 .
• ELT designs and costs are driven primarily by engineering considerations. The low wind speeds and negligible seismic activity on the Antarctican plateau dramatically reduce the engineering difficulties.
There is, then, an overwhelming case for a wide-field Antarctican optical/NIR telescope, with natural guide star, ground-layer, adaptive optics. However, the difficulties of building, aligning and maintaining fast wide-field telescopes are formidable, let alone when situated in Antarctica. Hence there is a strong case to look for simple innovative designs.
In general, Schmidt telescopes offer the best optical quality and efficiency, over the largest possible field of view, with the smallest possible number of elements, because of the essential symmetry of the design. However, the difficulties of making large aspheric corrector plates means that the largest Schmidts are 1m-class, and decades old. LAMOST design (figure 1) shows how to build larger Schmidts: the axis is fixed, the corrector lens is replaced with a deformable, segmented, plane mirror, which directs the light onto the fixed segmented spherical primary, as well as correcting for spherical aberration. The design is cheap and scaleable. The speed, field of view and and optical quality are all limited by the tilt on the corrector, which takes it away from the ideal, classical Schmidt position (figure 2). 
PROPOSED DESIGN
The proposed design is for a LAMOST-style, reflective Schmidt transit telescope, to be placed at Dome-C (74.5ºS, 123ºE, elevation 3280m). The focal length is determined by the desire to have 0.05'' pixels at prime focus, to match best anticipated seeing of 0.1''; the focal ratio is determined the requirement to get adequate imaging quality at 105º off-axis (to reach the South Pole), over 0.5º field. The main features are:
• 16m aperture, focal ratio f/4, total length 125m.
• Telescope axis fixed and horizontal, with primary facing due south. Most observing from Dome-C will take place at modest elevations (~45°) to the North, so this allows the smallest typical off-axis angles.
• Plate scale at prime focus 300µm/''.
• 16m segmented flat corrector mirror; partially steerable, phased, and deformable at ±100 µm level.
• Deformations produced by 500-2000 piezo-electric actuators.
• 16m primary mirror fixed, spherical, segmented, phased.
• Optimal segment sizes to be determined, but likely 1-2m as for Hobby-Eberly and SALT telescopes.
• The pupil is the corrector plate. This means there is some underfilling of the primary in one direction for non-zero off-axis angles, and overfilling in the other direction, at the edges of the field. The net effect is a light loss compared with a circular 16m aperture of e.g. 8% at 45° at the centre of the field, and an additional few % at the edges of the 0.5° field.
• Can reach to the equator and to the South Pole with acceptable (1 pixel) imaging, and can track sources for several hours.
• Raised on 10-30m high ice pyramids, or surrounded by 10-30m high ice rampart, to avoid ground-level turbulence.
• Simple Shack-Hartmann modules determine corrector Schmidt deformations; also correct for tracking errors, windshake, mechanical sag; also provides Adaptive Optical wavefront correction at up to 100Hz.
• Focal stations: f/4 prime focus, and single Cassegrain focus with conic f/13 and f/40 secondary mirrors; both focal surfaces can be flat-fielded with a single plano-spherical silica lens which can also act as dewar window.
• Image rotation is intrinsic to the design and must be corrected for.
• For infrared use, there are baffles and Narcissus mirrors but no cold-stop.
The somewhat unusual overall layout of the telescope is shown in figure 1 . The only mechanisms are the partially steerable corrector, and the image rotator at the camera. All mirror segements are flat or spherical. There is no top end to flex, and gravity affects all corrector segments identically at all positions, so their phasing is in principle unaltered. However, the area of glass is double that for other telescopes of the same aperture.
The prime focus pixel scale of 0.05"/pixel was determined by the best expected natural seeing at Dome-C. The design readily adapts itself to smaller (or larger!) versions matched to different seeing. In particular, an 8-metre version could be made with monolithic meniscus mirrors, and would have fields of view twice as large for the same physical image quality as presented here, and a vertical 2-3 metre version would make a powerful PANSTARRS-type survey telescope. 
OPTICAL PERFORMANCE
The optical performance at all three focal stations is excellent over wide fields. Spot diagrams are given for each focus below, but to summarise them (all for 45° off-axis, at pole worst aberrations are 1.5 × larger):
• f/4 Prime Focus, curved field plate: 300µm/", <0.33" fwhm over 3°, 3m diameter focal plane!
• f/4 Prime Focus, flat fielded: 300µm/", <0.07" fwhm over 0.5°, 550m diameter focal plane
• f/13 Cassegrain Focus: flat fielded, 1000µm/", <0.025" fwhm over 4.5', 270mm diameter focal plane
• f/40 Cassegrain Focus: flat fielded, 3000µm/", <0.010" fwhm over 1.5', 270mm diameter focal plane These numbers should be compared with the diffraction limits given in table 1. The aberrations are smaller than the diffraction limit in all bands over 1'; in the NIR over 3', and at K dark over 20'. Acquisition, guiding, determination of corrector plate figure, and low frequency active/adaptive optical correction, can all be carried out with a simple Shack-Hartmann module: e.g. a simple 100mm f/2 camera lens can be used to reimage the pupil (the corrector mirror) onto a 30mm x 30mm micro-lens array of 0.4mm lenslets, with the focal plane reimaged onto single 2K x 2K detector, at the same plate scale as at the main science detector. The required read-out rates is similar to that already used by the NAOS infrared wavefront sensor on the VLT.
We need 3 deployable units, or one unit and two normal guide probes, to determine the plate scale and orientation. The feedback from the Shack-Hartmann stellar image centroids goes to 1000-2000 actuators on the corrector mirror; this number is given by the requirement to AO correct 0.3" seeing at 500-1000nm. We find that while only 27 polynomial terms give adequate determination of the overall corrector plate shape, 9 terms are still needed for each 1-2m size segment, and 9 actuators/segment leads to a similar overall number of actuators required.
The differential deformations required between all configurations are < 100µm, so simple piezo-electric actuators are adequate. Deformation rates of 10-100Hz are sufficient to correct for sag, wind shake, guiding errors. However, with wind speeds ~1m/s, actuator spacings ~0.5m and isoplanatic patch size ~1m, 100Hz is also easily enough to correct for low-level atmospheric turbulence via Adaptive Optical (AO) correction 1 .
Stars produce many more infrared photons than visible, but at mid-latitude sites this gain is overwhelmed by the higher sky noise. However at Dome-C, the low K dark background means it is the obvious waveband for guiding. Detailed calculations show that guide stars with K dark =18 m are bright enough to achieve Strehl ratios of 0.8 3 . High latitude Kband stellar counts 6 , extrapolated to the pole, for stars with K<18 m , are ~1150/deg 2 . This means that 44% of the sky at the poles, and 71% of the sky overall, is within 45" of a K<18 m star. Hence most objects can be observed with AO correction at f/40. At f/13 and f/4 virtually all fields will have guide stars.
For successful AO correction, there is an additional requirement that the guide star be sufficiently close to the targets. At K dark , it is expected that Strehl ratios > 0.7 can be achieved over the entire 4.5' f/13 field 4 . Simulations by the UNSW group indicate that imaging better than 0.1" is achievable at all optical/NIR wavelengths, that better than 0.025" is achievable in R,I,Z,J,H,K dark bands, and that diffraction limited performance is possible for K dark and longwards..
NEAR-INFRARED OPTIMISATION
There is no easy way in this design to install a cold stop. However, the black body emissivity in Antarctica in winter is already 10-fold below sky at K dark , so the requirements for cold stopping are greatly alleviated compared with midlatitude sites. The obvious solution is Narcissus mirrors, as already proposed for Antarctican telescopes 5 , so the detector only sees sky or reflected light from the dewar. This involves lots of extra glass, but is a cheap and effective solution.
There are four levels of defence:
1. The detector dewar is ~2m deep, with the detector set at the back.
2. There is a large conical baffle on camera, ~5m long, restricting incoming light to ~f/3.5. There are Narcissus mirrors inside the baffle.
3. There is a fixed 2m wide annulus of spherical Narcissus mirrors (with focal length 31.25m) around the primary.
4. There is another fixed, flat, vertical, 3m wide annulus of flat Narcissus mirrors behind the corrector mirror.
The detector only directly sees the primary and elements 1, 2 and 3. However, the primary is underfilled at large offaxis angles, element 4 is to ensure the underfilled parts themselves only see dewar-light.
Collectively, these ensure that the detector only sees reflected sky-light or reflected dewar-light. Unwanted light is restricted to the emissivity of the mirrors (~2% × 1 -3 reflections), and the AR-coated dewar window (~1% × 2 surfaces). Overall, the increase in sky noise over perfect cold-stopping is ~1 % at K dark , and 10-15% at L.
COMPARISON WITH OTHER TELESCOPES
The design presented here offers dramatically better performance than existing or proposed telescopes, in the following areas:
• Diffraction-limited optical imaging, over arc-minute fields. 6 times better resolution than HST, and 40 times more sensitive. No other major optical telescopes are on the horizon at all
• Diffraction-limited near-infrared imaging, over 1'-4.5' fields. Half the resolution of the CELT telescope, but the sensitivity is 20 times greater at K dark for sky-limited observations 1 . The sensitivity is better than the James Webb telescope 1, 2 , and the resolution is more than doubled.
• Wide-field optical/NIR imaging over 0.5º fields, with 0.25" resolution. Several times the resolution of PANSTARRS, SLOAN, or VISTA, with comparable AΩ (aperture x field-of-view) and hence sky-coverage ability.
• Wide-field optical/NIR spectroscopy over 3º fields, with 0.25" resolution. Orders of magnitude greater AΩ than any existing or proposed facility, including Gemini Wide-Field. Ideally matched to the AAO's 'Kickbots' 7 .
To summarise, this would be the telescope of choice for all deep or high resolution optical imaging; for all NIR work demanding both depth and resolution; for all wide-field deep high-resolution imaging work, and for all deep multiplexed spectroscopic work.
COST
Costs must necessarily be indicative at this stage. However, the design is not so much larger or more complex than the Hobby-Eberly and SALT 12m telescopes, which also have segmented spherical mirrors. The phasing issues have been resolved (at least for NIR work) by the Keck telescopes. Scaling up from these telescopes gives an estimated cost in the range US$100-200M. This compares with US$500M for fully steerable 30-m class ELTs.
